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A bstract - Physical optics scattering calculations performed
on the NASA Deep Space Network (DSN) 34-meter beam-waveguide
antennas at Ka-band (typically five surfaces) requires approxi-
mately12 hours CPUtime on a Cray Y-MP2 computer-—excessive
in terms of resource utilization. The calculations are done two
mirrors at a time, The sampling theorem is used to reduce the
number of pointson the second surface; the points are obtained by
performing a physical opticsintegration over thefirst surface. The
number of pointsrequired by subsequent physical opticsintegra-
tions is obtained by interpolation. Time improvements on the
order of 2to 4 were obtained for typical scattering pairs.

INTRODUCTION

The analysis of the 34m beam-wavcguidc antennas of the
Jet Propulsion 1.aboratory/NASA ’s Deep Space Network re-
quires physical optics scattering calculations to be performed
over at least five scattering surfaces. For analysis up to X-band,
the computers available could easily handlc calculations of this
size and complexity. However, with the shift to Ka-band to
support futuredeep space, missions, computational times in-
creased by a factor of about 16. Computational times of
12 hours on a Cray Y-MP2 single. processor computcr arc.
typical. With limited computer availability, job turnaround
could approach 1 week per calculation.

This paper presents a method to reduce the overalttime by
a factor of 4 or more for a typical pair of scattering surfaces and
by a factor of 2 for the overall antenna system. The sampling
the.orcm is used to speed up the physical optics calculations.

Murnon

The method used to analyze the 34111 antennas consisted Of
performing a physical optics integral ion over the currentsonthe
first scatlering surface to get the currents on the. second surface.
Using these ncw currents on the second surface, the process is
repeated to obtain the currents on the third surface, continuing
utilization of pairs of surfaces until the complete antenna has
been analyzed. Since cach surface is of comparable s:/o andif
the current resolution in any dircction iS N, then N? physical
Optlcs integrations on the first surface arerequired for cach of the
N? cur -rent points on the second scattering surface. This implies
N operations and is the real driver for the computational time.

1 the number of points cvaluated on the second surface can
be reduced significantly and replaced by interpolation to obtain
thenecessary N points required bya subsequent physical optics
caculation, then the computational time will approach that of
N? operations on the first surface, The physical optics integral
is composed of two basic parts, the current term and the kernel
or exponential term. The current term s typically a slowly
varying function of position, while the kernel varies rapidly as
a function opposition and observation point. The kemel is the
driver that determines the number of integration points in
subscquent | ntegrati on. * 1 he approach isto employ the sarn p] ing
theorem to determine the number of surface points necessary to
define the surface currents on the second surface, and then to usc
anintegration algorithm to obtain the number of points required
by the rapidl y varying, but casil y evaluated kernel.

A key problem iSto define a sampling function that could
be used to determine the sampling frequency. A uniform
distribution on a source surface produces the narrowest ficld
paltern OVer an observation surface, and any deviations from a
uniform distribution broadens the patterns. Thus the patierns
produced by a uniform distribution should have the highest
frequency and should be aconscervative estimator of the sam-
pling frequency. The pattern distribution from a uniform
distribution is Sin(u)/(v). If this distribution is evaluated on the
sampling surface. andthe size of the surface in u,vspace is
2. u, =4nX, Sin0 /A and the period is2m, the function
frequency isB=2X SmO JA where X is half the size of the
source aperture and 0 is the angle subended by the sampling
surface. Since the mphng theorem requires sampling at twice
tile highest frequency, the number of samplesisN =4X
Sin0 /A + 1. Since the fields on the sampling surface arc not a
strictly bami-limited function, an 18 percentoversampling was
used, Although the Sin(u)/(u) function is based on a far-ficld
derivation, it still gives a good estimate for the sampling fre-
quency on sampling surfaces in the near-ficlti for typical source
aperture ficlds.

Sine functions arc uscd to do the interpolations, and since
the Sin(u)/(u) ficld function is defined on aspherical surface, the
sampling must also be done on a spherical surface. In addition,
the origin of the spherical surface is at the ficld function phase
cenler, which is also the center of a surface containing the
uniform distribution, In general, however, the reflector surfaces
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arc not spherical,and the center of the sou rcc aperture may not
be the phase center of any scattered fields. To accommodate
non-spherical snrfaccs, the surface of interest is enclosed by two
spherical surfaces, with the origins of the Iwo surfaces a the
phase center of the scattered fields. If the phase center (Jots not
coincide with the center of the source aperture, an cquivalent
source aperture is constructed a the phase center, and thisis the
geometry that is used to calculate the sampling parameters. A
radius from the center of the cqu i valent source aperture (phase
center) is constructed to the interpolation point on the surface of
interest and made to intercept the two spherical surfaces. Inter-
polated fields arc computed on the two spherical surfaces at the
intersection points of the radius, then aradial interpolation is
performed to obtain the interpolated ficld point on the surface of

interest. Since a near-field interpolation is required, terms of the
order I/R and1/R? arc used, This process is repeated until all

the currents that arc required for subscquent physical optics
calculations have been calculated.

Resuirs

Figure 1 shows the accuracy of the sampling approach. in
the center of the figure the geometry of atest caseisillustrated
which includes a pair of parabolic mirrors such as arc used on a
typical 34m beam-wavcgui(ic antenna. The first parabola iSthe
source apert urc. The second parabola is the sampling surface
onwhich arcduced Set of ficlds arc calculated and then interpo-
lated to obtain the total set of fields and hence currents required
by physical optics. The curves shown in the figure arc for the
ficlds calculated by performing a physical optics integration
over the currents on the second parabola (sampling surface),
One curve uses currents calculated using the sampling theorem
and the other curve is based on the currents being computed
using physical optics intcgration for al current points. As can
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Fig. 1. E-6 far-field component, parabola/parabola, ¢ = O.

be seem, the two curves arc essentially identical over 40 dRB.,
The differences arc primarily in the sidelobe region. 1 lowever,
the sidelobe regions do not illuminate subsequent scatcring
surfaces and thercfore arc of no interest in this particular
application. If the sidelobe regions arc of interest, then the
sampling frequency would have to be increased (additional
over sampling). This would increase the computation time and
the advantage of using the sampling theorem would be
reduced.

Figure 2 is a summary of the lime improvement for a
calculation on a 34 m beam-wavcguir.ic antcana at Ka-band.
The actual antenna has several flat mirrors that were not in-
cluded in the analysis. (The removal of these flat mirrors
produces the gcometry shown in the figure, where onemirror
appears to be located in front of the main reflector; the actual
antcnna however, dots not have amirror in front of the main
reflcctor.) The results arc shown by mirror pairs, the first
mirror being the source mirror and the second mirror being the
sampling mirror. The first mirror sctshows a time. improve-
ment of 4,39 for the sampling approach over a non-sampling
approach. Moving along by onc mirror, the second mirror sct
shows an improvement of 1.69 by using sampling. The differ-
ence in time between the two cases is easily accounted for, The
sampling frequency iSbased onthe Size of the source. aperture
and the subtended angle produced by the sampling surface. In
the second case the two mirrors arc closer together, increasing
the sublended angle and in turn requiring @ higher sampling
frequency. The third set of mirrors showed an improvement of
2.88, gIving an overall improvement up to andincluding the
subreflector of afactor of 2.73. The sampling theorem was not
applicd (o the main reflector calculation, so an improvement
factor of 1.0 was assigned. Including the main reflector, anct
improvement of 2.05 was oblained, reducing computat ion time,
from 11.55hours 105.64 hours.
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Iig.2. 1}SS-13 34111 beam -waveguide antcnna
analysis schematic and summary (Ka-band).



